The trace characterization of a thin film is an important challenge to analytical chemistry. The nonlinear optical process of second-harmonic generation (SHG) is intrinsically sensitive to the asymmetry present in a thin film;1'2 the SHG technique is useful for determining the molecular orientation in such systems.3-' Langmuir-Blodgett (LB) films have attracted various investigations as methods to assemble functional molecules in an organized multilayer structure and to create unique functions at the molecular level.8 '9 We have studied the molecular arrangement of chromophores in LB films by polarized UV/ VIS spectroscopic techniques.10 13 However, these conventional techniques require further improvements regarding both sensitivity and spatial resolution for a trace characterization of a thin multilayer film. On the other hand, the SHG technique is sensitive, and a laser can be focused to a very small spot. There have been a few papers concerning determinations of the molecular orientation in LB and other thin films.14,15 We have applied this technique for determining the orientation of 2-(N octadecylamino)-naphthalene-6-sulfonic acid (OANS) in an LB film. This molecule was expected to produce a stable LB film and to have a large value of nonlinear polarizability owing to its molecular structure; its LB film was thus expected to be useful for functional membranes.
Experimental
The experimental apparatus for SHG is shown in Fig. 1 . The second harmonic of a Quanta-Ray GCR11 Q-switched Nd-YAG laser (532 nm, 6 -7 ns, 135 mJ/ pulse) was softly focused (ca. 0.1 cm2) on the LB film. The polarization property of the incident radiation was refined with a sheet polarizer and its plane of polarization was set at either 0° (s;) or 90° (p) by using a half-wave plate; s represents the polarization in the surface plane and p represents the polarization perpendicular to s. Second-harmonic radiation at 266 nm was observed through two glass filters and a Glan-Tayler polarizing prism, and recorded with a Hamamatsu R166 solar blind photomultiplier and an Iwatsu DS-6411 digital storagescope.
The surface pressure-molecular area isotherm (m-A isotherm) was measured by Kyowa HBM-AP balancing meter with a Teflon trough at a controlled temperature and a compression speed of 2 cm min' by spreading a benzene solution of the chromophore molecule. Ten monolayers of the sample molecule were deposited as a Z-type film at 30 mN m-1 and 20°C on a quartz plate, which had been cleaned ultrasonically in an alkaline methanol solution for 15 min. Details concerning the procedures were described in a previous paper.1° OANS was obtained from Molecular Probes Inc. and used without purification. Fig. 1 ration.
Experimental apparatus for second harmonic gene-
Results and Discussion
The 7r-A curve for the OANS monolayer is shown in Fig. 2 , together with constitutional formula of the OANS molecule.
The molecular area was estimated to be about 0.3 nm2 from the it-A curve.
This value is slightly smaller than the expected area of a naphthalene ring (about 0.35 nm2), and about 1.5-times larger than that of cadmium arachidate. This finding suggests that the functional naphthalene ring of OANS is rather vertical at the air-water interface when compressed.
Because the film was deposited as Z-type, the hydrophilic group of the molecule sits toward the quartz plate in all layers.
The incident beam irradiated the film surface at 45° to the surface and, thus, the secondharmonic beam radiated at 45° . The polarized secondharmonic radiation from the film was measured for four combinations of polarization of the input and output beams: Isss, Issp, Ipps and Ippp. Here, for example, Issp represents the intensity of the second-harmonic laser in which two photons of the s-polarized input beam create one photon of the p-polarized output beam.
The intensities of the second harmonic are shown in Fig. 3 , where each data point was obtained by averaging over 256 pulses. Any effects, such as SHG from the quartz plate, the reflected incident beam and background noise, were subtracted by measuring the signal from the quartz plate. Isss and Ipps were 0; the OANS molecule should thus be randomly oriented within the surface plane. Isss and Ippp showed a quadratic dependence on the incident laser power.
It has been shown that the average tilt angle (6) of the molecule with respect to the surface normal can be determined from the ratio of the intensities of the two ppolarized second-harmonic radiations if the molecule has a single non-linear polarizability, and its orientational distribution is azimuthally random and a simple delta function of B.3 4 The relation is Issp/ Ippp = 12sin2O/ (2 -3sin2O) J 2 .
(1)
In the present case, the second-order polarizability of OANS should be induced along the axis from the SO3 group to the NHR group; the other elements of the polarizability would be negligible. The observed intensity ratio was determined with five data points obtained above 10 mJ as I,/I,0.66±0.14. Then, 6 should be 37±2° . This finding is consistent with the n-A curve, since this value indicates that the naphthalene ring stands from the substrate surface. The SHG signal of this LB film was stable for at least several weeks. 1111./UtJV VY G1 1111J~ ~1U1JG~
The SH intensity and the input laser pulse energy: 0,
•, Issp. The solid line shows the quadratic dependence.
